In this paper, estimates of value for recreational fishing are reported for three major freshwater impoundments in Queensland, Australia, using both travel cost and contingent valuation methods. Policy analysts often require estimates of value when analysing the importance of recreation against other uses of impoundments, or when considering the potential for further investments, such as with fish stocking programs. Different forms of the travel cost method are used to estimate separate consumer surpluses associated with two key subgroups of recreational anglers: frequent and occasional anglers. A contingent valuation study is used to estimate the marginal values associated with a potential improvement in fishing experience. The results of the travel cost analysis provide strong evidence that recreational values vary between different groups of anglers and across sites, while the contingent valuation estimates provide values for additional marginal benefits of recreational angling.
Introduction
There are a limited, but growing number of studies evaluating the benefits of recreational fishing. Economists focus on methods that estimate consumer surplus (CS), because this provides estimates of benefits that are consistent with welfare measures (Willig 1976; Shrestha et al . 2002) . Rosenberger and Loomis (2001) provide a review of non-market valuation studies conducted between 1967 and 1998 that estimate economic use values for recreational activities. They identify 39 studies involving fishing activities, all focused on North American case studies. In Australia and New Zealand, there are many fewer published studies. A revealed preference technique was used by Swait et al . (2004) to estimate values for recreational fishing in Western Australia, while Wheeler and Damania (2001) used the contingent valuation method (CVM) to estimate the recreational values of fishing in New Zealand.
There are three broad methodological approaches to estimate the value of recreational fishing activities (Haab and McConnell 2002) . These include © 2007 The Authors Journal compilation © 2007 Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishing Ltd single-site demand models, site choice models and stated preference techniques. In the application of a single-site model, analysts use expenditure and other data revealed by angler activities to estimate a travel cost model, and hence, calculate estimates of CS. With a site-choice model, analysts use a random utility model (RUM) to identify how anglers make choices between several substitute sites. They can then generate utility models for the recreational site of interest. A third approach is to use stated preference techniques such as the CVM or the choice modelling (CM) technique to develop a relationship between a monetary tradeoff, site characteristics and the likelihood that an angler will state their preference for a particular site. Within each of these methodological groups, a choice of functional forms and modelling approaches is available to the analyst searching to understand or predict demand behaviour.
In this paper, estimates of value for recreational fishing are reported for three major freshwater impoundments in Queensland, Australia. There are several reasons why value information may be important to policy analysts. Many impoundments are constructed for agricultural and industry uses, and the value of consequential recreational benefits are rarely assessed, even though these may be an important component of total values. In some cases there may be tradeoffs between recreation outcomes and water extractions for industry, leading to information requirements about best-value use. Value information may also be required to justify investment in fish stocking programs and recreation facilities. A potential benefit of performing valuation studies is that results can be potentially transferred to other similar sites (Loomis 1992; Rosenberger and Loomis 2001) .
The objectives of the study reported in this paper were to: • estimate the average value of recreational fishing at each of the three dams in Queensland; • specify these values across different user groups of recreational anglers: those who were repeat anglers at a dam and those who were single visitors (tourists); and • estimate the marginal value of an improvement in catch rates at each of the three dams.
In the study, the travel cost method (TCM) was used to estimate separate consumer surpluses associated with the two groups of recreational anglers, and CVM was used to estimate the marginal values associated with a potential improvement in fishing experience. The TCM was chosen for this study because of its simplicity, the ease of data collection for the types of anglers involved, and the requirements to value individual sites rather than substitute sites. A RUM would have been harder to apply because a large proportion of the samples involved once-off visits, and there were problems in identifying substitute activities between different groups of visitors, especially tourists. The CVM was chosen as the stated preference technique because of the need to minimise survey complexity and the focus on simple tradeoffs between fish catch rates and price. Heterogeneity among anglers can make model estimation more complex. It is normal to analyse the demand patterns of recreational users as a single group (Haab and McConnell 2002) , but there have been studies that divide the sample into specific groups to generate more accurate models. Beal (1995) used one form of the TCM to estimate separately the demand for two groups of visitors to a national park in Australia, while Lupi et al . (1998) used RUMs to estimate demand for two subgroups of recreational anglers in Michigan. In a similar approach, Schuhmann and Schwabe (2004) use RUMs to estimate recreational fishing values for two separate groups of anglers in North Carolina: 'catch and release' anglers and 'catch and keep' anglers.
There are some recreational amenities that attract use from very different groups. An example in recreational fishing might be where one group comprises regular, repeat visitors, while another group are tourists with very different travel and recreational patterns. Where such a clear distinction between groups can be made, application of a standard TCM may be problematic, and it may be appropriate to model recreation demands specifically for each group. This issue is explored further in this paper using two different forms of the TCM.
There are a limited number of studies that use stated preference techniques to estimate marginal values for recreational fishing. 1 In the study by Wheeler and Damania (2001) , anglers were asked whether they would still have gone fishing if their costs had been higher. Their results indicated that the average value of snapper (one of the fish species reported in the survey) was # 30.85NZ per fish, while the marginal value was # 5.73NZ per fish. Huang et al . (1997) used both TCM and CVM to estimate recreational values (including fishing), associated with improvements in environmental quality in the Pamlico Sound area in North Carolina. Azevedo et al . (2003) combined data from revealed preference and stated preference sources to estimate values for recreation demands for Iowa wetlands, including those associated with fishing. The advantage of using stated preference techniques is that the value of a potential change in condition can be assessed. This paper is organised in the following way. The scope of the study and a brief overview of the data collection process are provided in the next section. The application and analysis of the TCM are outlined in section 3, while the results of the CVM study are reported in section 4. Discussion and conclusions are reported in the final section.
Scope of the study
Three large artificial water impoundments in Queensland were chosen for this study. The three dams are useful case studies because each is associated with high levels of recreational fishing. Estimation of recreation values at these sites may allow benefit transfer to other fished impoundments in the state. There is no commercial fishing at the dams, although eels have been commercially fished at the Bjelke-Petersen and Boondooma Dams in the past. The dams are located away from major population centres, making it easier to identify visitor numbers. There are accommodation, service or tourist facilities at each dam, which help to service the recreational fishing industry, as well as other recreation activities.
There are also some differences between the dams, which may impact on recreational fishing levels. The Boondooma and Bjelke-Petersen Dams are closer to the major population centres of South-east Queensland, while the Fairbairn Dam is close to Emerald -an affluent regional centre. The Fairbairn Dam is also close to major inland highways (Gregory and Capricorn highways), and may be more accessible to passing visitors and tourists. Redclaw are a key fishing target at Fairbairn, while the other two dams are stocked almost exclusively with popular native fish. The Boondooma and Bjelke-Petersen Dams may possibly be viewed by anglers as substitutes, while the Fairbairn Dam has no comparable substitutes within several hundred kilometres.
There was little data available for the three dams about visitation rates or the economic values associated with recreational fishing. This meant that primary data had to be collected for the study. The data were collected by surveys at each of the dams over a one year period from November 2002 to November 2003. The sample of respondents for the surveys was selected from the actual anglers to the dams, by surveying available anglers within a 2 h time block selected randomly within regular periods. Surveys were collected on two days each week or fortnight, a weekday and a weekend day, but the actual day of collection and the daylight time block of collection were randomised. It was normal to survey angler groups who were shore fishing and those who returned to the boat ramp during the survey time period.
The survey that was collected had a limited number of questions so that it could be administered in a face-to-face setting without generating complexity or fatigue issues. The total number of surveys collected during the 12-month period was 264 at the 250 A CVM question was also included in the survey, where anglers were asked if they would be prepared to pay an additional fishing license fee for an improvement in catch rate. A summary of the trip and respondent data provided by anglers is shown in Table 1 .
The average size of the groups that visited the dams was largest for Fairbairn (3.8 people) followed by Boondooma and Bjelke-Petersen. The average distance travelled one-way by anglers was the same for both the Bjelke-Petersen and Boondooma, while it was about three times greater for anglers to the Fairbairn Dam. Anglers visiting the Fairbairn also had greater trip, fishing and boating costs than anglers visiting the other two dams. Anglers at the Fairbairn Dam spent only 16 per cent of their total holiday fishing at the dam, while anglers visiting the Bjelke-Petersen and Boondooma Dams spent 65 per cent and 95 per cent of their holiday, respectively, fishing at the dams.
Application of the travel cost models
Recreational demand models based on the TCM have been widely used to estimate the economic use values of recreational activities (Garrod and Willis 1999; Ward and Beal 2000; Haab and McConnell 2002) . The TCM involves the use of observed travel patterns and costs of travel incurred by recreational users to first derive a model of travel behaviour (the trip generation function (TGF)). In the second stage, a demand function for the recreational good is estimated by simulating from the TGF a relationship between additional entry fees and the number of estimated visits. In the third stage of analysis, the economic benefit CS associated with the travel behaviour can then be estimated from the demand function. The TCM has two basic variants depending on the definition of the dependent variable (Ward and Beal 2000) . These are the zonal travel cost model (ZTCM) and the individual travel cost model (ITCM). In the ZTCM, the dependent variable is the number of visits made from a particular zone, over a specific period of time, divided by the population of that zone. In the ITCM, the dependent variable is simply the number of visits to a site made by each visitor over a specific period of time. The ITCM is appropriate for sites that have high individual visitation rates and the ZTCM is appropriate for sites that have very low individual visitation patterns (Bateman 1993; Bennett 1996) .
The application of a travel cost model involves the specification of a number of assumptions about factors such as the identification of the dependent variable, the measurement of travel costs, the specification and measurement of other independent variables, the specification of the function form for both the TGF and the demand function, and the appropriate integration procedure to calculate estimates of CS (Ward and Beal 2000; Haab and McConnell 2002) . Here, some of the assumptions underlying the analysis reported in this paper are outlined in more detail.
A key issue is whether the recreation users should be analysed as a single group or split into subgroups. In this study, initial attempts to fit either an ITCM or a ZTCM model to the three data sets were unsuccessful, as robust models could not be developed. The poor model fits that resulted suggested that some confounding effects might be being caused by underlying heterogeneity. To address this, the data set for each dam was divided into two groups -frequent anglers and occasional anglers. Frequent anglers (423 in total) were those who fished at a dam more than once a year and occasional anglers (273 in total) were those who fished at a dam only once a year. It is possible that occasional anglers are part of the tourist market, and have very different visitation and expenditure patterns compared to dedicated anglers. The t -tests on the pooled data set revealed that there was a significant difference between the two angler groups by a number of variables including travel costs ( t -statistic = 5.544 with 287 d.f.), distance travelled ( t -statistic = 8.442 with 321 d.f.), days spent fishing ( t -statistic = 4.267 with 448 d.f.), length of holiday ( t -statistic = 6.241 with 314 d.f.) and number of people in group ( t -statistic = 2.015 with 429 d.f.).
Summary statistics for each key variable that distinguished the groups are reported in Table 2 . Recreation demands for the two groups of anglers were analysed separately. The frequent anglers were analysed using the ITCM because the individual anglers in this group had high visitation rates. The occasional anglers group was analysed using the ZTCM because there was no variation in individual visitation rates for anglers in this group. The use of ZTCM for occasional anglers leads to another issue that needs to be resolved, namely the identification of zones. It is common for the zones to be based on population groupings like postcode areas or statistical divisions (Stoeckl 1994 quoted in Driml 2002 . Zones can be identified on the basis of postcode clusters which contain approximately equal populations (Lockwood and Tracy 1995) . They can also be identified based on statistical divisions which could be aggregated according to their approximate distance from the site (Beal 1995) . The zones for this study were identified on the basis of statistical divisions given by the Australian Bureau of Statistics (ABS), with the population for each zone calculated from the 2001 ABS census data. Since the two southern dams (Bjelke-Petersen Dam and Boondooma Dam) are close together, the zones identified for these two dams are the same, while the ZTCM for the Fairbairn Dam involves some different zones.
There are three ways in which the travel costs could be estimated (Bateman 1993; Bennett 1996) . They can be estimated either by considering only petrol costs, by considering full car costs as a rate of distance travelled or by considering the perceived costs as estimated by the respondents. There is little consensus in the literature about the correct method of estimating travel costs. Bateman (1993) and Bennett (1996) argue that the most appropriate form of travel costs is to use the perceived costs as estimated by the recreation users. This is the approach adopted in this study for both the ITCM and the ZTCM components.
It is also possible to include time spent travelling as a part of the travel costs. The opportunity cost of time is the value of the next best alternative activity during the time spent travelling to and from a recreation site (Ward and Beal 2000) . However, for many people the number of work hours is fixed and the traditional definition of opportunity cost of time is not as relevant. This is because individuals may travel for leisure and recreation during holidays or non-work time when there is no loss of income (Ward and Beal 2000) . Following this view the opportunity cost of time for travel has been assumed to be zero in this study. The time spent on-site has also been assumed to have zero opportunity cost, on the basis that the marginal utility derived from time spent on site would be equal to that derived from alternate activities (Whitten and Bennett 2002) . For this study, the value of the travel cost (TC) variable for both the ITCM and the ZTCM models was calculated by use of the following formula, where each of the cost variables was calculated from data reported by the anglers:
(1)
Other methodological issues relate to incidents of multipurpose and multidestination trips. Where a visit to a site is not the sole purpose of the trip, the costs should be allocated between the different activities undertaken along the way (Casey et al . 1995; Bennett 1996; Whitten and Bennett 2002) . In practice, the data for this is difficult to collect. Issues relating to multipurpose and multidestination trips were addressed by asking the anglers to rate the importance of fishing activities in their trip and to identify the number of days fishing and the total trip duration. The data collected meant that the estimates of CS could be adjusted ex post to apportion out some allowance for trips that were conducted for non-fishing purposes.
Analysis of frequent anglers
The first step in the analysis was to estimate a TGF that related the individual visit rate against the cost of travel and other independent variables. An analysis of the data indicated that travel cost was the only independent variable with significant explanatory power in the models. The other variables (expected catch, average catch, annual boat expenses and the importance of fishing in this trip) that were tested in the model were not significant. There are a variety of potential reasons why these variables may not have been significant. One possibility is that it is the outdoors activity experience that is important rather than actually catching fish. The functional forms tested were the linear, semi log dependent, semi log independent and double log models. The double log model (Equation (2)) was the most appropriate functional form for the analysis.
(2)
The TGF regression statistics for the frequent angler subgroup at the three dams are given below in To estimate the demand functions, travel costs were increased by a hypothetical fee and sequentially added to the average cost for each group. Estimates were made of the visitation rates under these additional cost circumstances and the total expected number of visits at each travel cost computed. This comprises the data for estimation of the demand equation for visits to the three dams, where price was regressed against quantity and other explanatory variables using a variety of functional forms.
The semi log independent functional form of the demand model generated the highest R 2 values, and was chosen as the preferred functional form for demand analysis. The demand equations for the dams for frequent anglers were estimated as follows:
The CS can be estimated as the area under the demand curve up to some limit. To find the CS per group for each dam, the demand curve was integrated from zero to the average number of visits per dam, following the recommendations of Garrod and Willis (1999) . A convolutions approach was used to estimate 95 per cent confidence intervals (CI) for those CS amounts (the CIs estimated do not include any variance for expected visitor numbers). The total consumer surpluses of the sample, per group and per individual, together with confidence intervals, are given in Table 4 . Since the confidence intervals for CS per group or per person do not overlap, the values of recreational fishing appear to be unique to each individual dam.
The expected number of groups visiting each dam on multiple trips each year can be derived from the sample data and is also shown in Table 4 . This has allowed estimates to be made of the total CS available from the groups of recreational anglers making multiple visits to the dams each year. 
Analysis of occasional anglers
The ZTCM model was applied to all the survey responses where participants indicated that they were only making a single trip to the dam within the 12-month period. In this case the key relationship is expected to be between the travel costs incurred and the proportion of the zonal population that is visiting the dam. It is expected that as travel costs increase, the proportion of zonal population visiting the site will decrease.
The travel costs were calculated using the formula in Equation (1) and ABS data were used to estimate populations for the relevant zones. The only other variable used in the zonal model was the average zonal weekly income, also drawn from ABS 2001 census data. A number of other variables (expected catch, average catch, and annual boat expenses and the importance of fishing in this trip) were tested but did not emerge as significant in the models. As for the ITCM, the functional forms that were tested were the linear, semi log dependent, semi log independent and double log models. The TGF for the zonal model was calculated using the double log functional form (Equation (9)), and the regression statistics are given in Table 5 . (9) The F -test statistic indicates that each model is highly significant. The R 2 statistic indicates that a very high proportion of variation in the log of visit rate is explained by the variables. The TGF equations used to generate the data for the demand curve for the three dams are: (10) (11) (12) To estimate the demand function, the travel costs were increased by a hypothetical fee and sequentially added to the average cost for each person. Estimates were then made of the visitation rates under these additional cost circumstances, allowing the subsequent estimation of the demand equations for visits to the three dams. The semi log independent functional form of the demand model generated the highest R 2 values, and was chosen as the preferred functional form for demand analysis. The demand equations for the dams for occasional anglers were estimated as follows: (13) (14) (15)
The appropriate CS amount for the ZTCM is the area under the demand function. This has been calculated for each of the dams using a simulation approach, where values are calculated for each potential catch rate over the relevant range and summed. The expected CS for the sample, average group and average angler are given in Table 6 . The CS estimates are based on the travel costs for the entire trip, so may potentially over-estimate values of recreational fishing when multipurpose and multi-destination issues are considered. This is particularly an issue for the anglers at Fairbairn, where the individual values of #5630 per trip typically involve a much longer holiday than just the day's fishing at the dam (e.g. tourists travelling around Australia). To obtain a more realistic estimate of the value of recreational fishing the CS figures can be partitioned.
It would be possible to do this in two different ways. The first is to partition values according to the purpose of the trip; this could be done with reference to answers about the importance of fishing to the visitors. The 'importance of fishing' variable was not significant in the models, so no attempt was made to partition values to allow for variations in trip quality. The second option is to partition according to the proportional length of the fishing trip using the ratio of the number of days spent fishing against total trip days. The second option takes into account both multipurpose and multi-destination trips and has been selected as the more appropriate method. It allows for recreational values of people on longer holidays to be apportioned in some way between the visit to the dam in question and the remainder of the holiday. In cases where the fishing section was the highlight of a holiday trip, this method of partitioning values may have resulted in over-correction.
The CS estimates calculated using these ratios are given in Table 7 , and indicate that individual consumer surpluses ranges from approximately #59 per angler at the Bjelke-Petersen Dam to #904 per angler at the Fairbairn Dam. There is a significant difference in CS estimates between each of the three dams.
These CS estimates can be extrapolated over the estimated number of groups making single visits to the dams each year to calculate total CS over a one year period (Table 7) . Total estimates of CS were generated by adding the estimates for the repeat anglers to the estimates of the single trip anglers (Table 8 and Figure 1) . The confidence intervals for the aggregate results indicate that there is no significant difference between the CS estimates for 
Application of the contingent valuation model
The CVM involves the presentation of hypothetical scenarios to respondents in a survey format, where the scenario involves some trade off between the amount of a recreational amenity or environmental good and a monetary attribute (Mitchell and Carson 1989; Haab and McConnell 2002) . By collecting a number of responses to these tradeoffs where there is some variation in the price and/or quantities of the good involved, a demand function can be estimated. There are a variety of formats in which the tradeoffs can be presented in CVM, as well as a number of approaches in performing the statistical analysis (Mitchell and Carson 1989; Haab and McConnell 2002) . In designing a CV experiment, it is important that the tradeoffs and scenarios being presented to people are realistic, that a suitable payment vehicle is used, that the survey instrument and collection method do not cause bias, and that a representative sample is taken from the relevant population (Mitchell and Carson 1989; Hanemann 1994) . The contingent valuation section of the survey was designed with these goals in mind. The CVM employed was a single bounded, dichotomous choice format. This meant that only the one CVM question was asked of each respondent at a specified price tradeoff, but several price tradeoffs were used across groups of respondents.
The survey was structured in a similar way to that employed by Wheeler and Damania (2001) . Anglers were first asked about their visitation patterns, their trip details, their travel and fishing costs, and their catch rates. They were then asked if they would be prepared to pay additional fees in order to improve their fishing experience -defined as a 20 per cent increase in catch rate. This tradeoff was framed slightly differently to the approach used by Wheeler and Damania (2001) . A different payment vehicle was used in this study, and the recreation benefit offered was an improvement in fishing experience rather than the existing trip.
The payment vehicle chosen for the CVM application was a fishing licence fee (Fairbairn) or increased fishing licence fees (Boondooma and BjelkePetersen). Throughout Queensland there are 29 dams where anglers require a fishing licence (stocked impoundment permit of #35 annually or #7 weekly) to fish (excluding redclaw). Anglers at both Boondooma and Bjelke-Petersen Dams require the licence whilst anglers at Fairbairn Dam do not. The permit program is administered by the Queensland Government with the majority of funds collected being returned to the associated fish stocking groups.
The scenario used in the survey was appropriate to the anglers, because many of them indicated in responses or comments to the survey collectors that they would prefer higher catch rates. The licence fee program provided an appropriate payment vehicle for use in the survey, because it was already in existence, and anglers could see a clear linkage between the payments and potential management actions such as fish stocking programs. A clear statement that the proposal was hypothetical was designed to minimise any potential for protest bids.
There were two potential weaknesses with the survey format when compared to the widely accepted standards for implementation (Arrow et al. 1993; Portney 1994) . First, there were no reminders of substitute goods and budget constraints because of limitations on space. However, because respondents had already detailed in the survey their travel and fishing costs, and annual pattern of fishing, these reminders should not have been necessary. Second, a statement was added to the CV question to make it clear that the scenario was a hypothetical one so that the nominated payment levels would not be confused with actual government policy. This is at odds with recommended CV design where the focus is on making tradeoffs as believable as possible. Given the relevance of the issue to anglers, and their location at the fishing site, it is unlikely that this clarifying statement would have induced substantial amounts of hypothetical bias. However, 
(The next question is hypothetical -there is no current intention to impose weekly permits).
If the price for a weekly permit was #5, and your catch rate improved by 20 per cent, would you still come fishing to Fairbairn Dam? YES ᮀ NO ᮀ A summary of the data received from the question is outlined in Table 9 . To produce a useful model, the data set was pooled across the three dams and both groups of anglers, and a logistic regression equation estimated. Results are reported in Table 10 . The model is significant, has strong explanatory power, and several variables apart from price are significant explanators of choice. The results indicate that the willingness of anglers to pay higher fees was lower if they had caught and kept more fish. This is a similar result to the model reported by Wheeler and Damania (2001) , confirming that there appears to be diminishing marginal returns associated with catching more fish.
The coefficient for 'distance' in the model indicated that anglers were more inclined to pay the higher fees if they had travelled further to reach the dam. The model also indicates that anglers at Boondooma had higher values for the fishing experience than at the other two sites, and anglers at Fairbairn had higher values than those at Bjelke-Petersen.
The model allowed the following equation to be generated.
(5.1)
The average figures for distance and fish kept for each dam were substituted into the regression equation to generate estimates of the mean willingness to pay per angler for a 20 per cent improvement in catch. These were then multiplied by the estimated number of people fishing at each dam on an annual basis to generate the appropriate value estimates. These are reported in Table 11 . The results show that the value of improving catch rates by 20 per cent per annum at each dam are estimated to be #0.12 M for Bjelke-Petersen, #0.39 M for Boondooma, and #0.22 M for Fairbairn.
Conclusions
The research reported in this paper has involved the valuation of recreational fishing at three freshwater impoundments in Queensland, Australia. The value of existing usage has been estimated for two groups of anglers using travel cost models, while the value of potential improvements to fishing experience has been estimated with the CVM. The results allow four broad conclusions to be drawn.
First, the results of the travel cost analysis provide strong evidence that recreational values vary in these case studies between two different groups of log (
prob. of yes prob.of yes distance no.of fish kept These results suggest that the transfer of recreational fishing values between population groups and sites may be complex. The third conclusion to be noted is there appears to be declining marginal values associated with catching additional fish, indicating that the benefits of improving the fishing experience may be limited. A fourth conclusion is that different non-market valuation techniques may be appropriate for different components of a valuation exercise. In this study, ZTCMs were used to assess benefits accruing to single trip anglers, ITCMs were used for multiple trip anglers, and a stated preference technique used to assess values for potential improvements in fishing experience. TCM and CVM applications can also be designed to value quality changes such as fish catch rates and recreational experiences, and to capture heterogeneity across individuals and sites. The results of this study illustrate some of the potential for these types of applications to occur.
